Exposure to the anthropogenic chemicals known as endocrine disrupting compounds (EDCs) may result in negative biological effects. Low levels of EDCs in the environment aggravate the problem as exposure is constant. Urban areas concentrate pollution as greater volumes are released from human activities. Water for public supply is particularly vulnerable as the sewage treatment facilities may not eliminate EDCs. The goal was to assess estrogenicity and effectiveness of removal of phthalates in primary and tertiary wastewater treatment facilities in urban cities in the tropical island of Puerto Rico. A yeast bioassay used to measure estrogenicity showed higher removal with tertiary treatment. However, results in the picomolar range suggest low doses of estrogenic compounds were being released to receiving waters. For the phthalates, solid phase extraction and gas chromatography-mass spectrometry analyses revealed removals ranging from 42.9% to 92.4% with tertiary treatment. More than 90% removal was achieved for benzylbutyl phthalate, dibutyl phthalate and bis-2-ethylhexyl phthalate. However, concentrations ranging from 0.86 to 1.29 ppm for the phthalates in the outflow were detected even at the tertiary waste water treatment plant effluent implying failure of EDC removal. These results can assist managers in evaluating pollution control technologies to ameliorate the impacts of EDCs in the tropics.
MATERIALS AND METHODS

Study sites
Two regional WWTPs (RWWTPs) located in two large cities in Puerto Rico were sampled. These facilities provided either primary or tertiary treatment for large urban areas.
Primary treatment
The Puerto Nuevo RWWTP ( Figure 1 ) provides primary treatment of wastewater generated in the San Juan Metropolitan Area and discharges to the Atlantic Ocean.
Tertiary treatment
The Caguas RWWTP ( Figure 2 ) is intended to meet rigorous effluent quality standards including significant nutrient removal. The effluent is discharged into Río Bairoa, a tributary of Río Grande de Loíza and Lago Loíza, one of the most important sources of raw water for the San Juan Metropolitan Area aqueduct system.
Sample collection
Influent and effluent samples from each plant were assayed for estrogenic activity and the efficiency of removal of estrogenic activity by the WWTPs was determined based on the differences between influent and effluent estrogenic activity. Four sampling events occurred from September to December 2012 at each plant (Table 1) Glassware was cleaned using a rigorous cleaning process to eliminate interference and minimize microbial degradation of the analytes. Glassware was cleaned with Alconox ® soap and rinsed with tap water, soaked in 10% HCL for 5 minutes and rinsed three times sequentially with tap, distilled and ultra-pure water and left to air dry, upside down. In the field, water bottles were rinsed with sample water three times before collecting the sample. At the lab, samples were immediately filtered using a 0.45 μm glass fiber filter. Samples were stored at 4 C for no more than two days before estrogenic activity analysis. 
Recombinant yeast assay
A receptor-mediated β-galactosidase reporter yeast assay was used as previously described ( 
Chemical analyses
Extraction of phthalates compounds
We focused on five phthalates compounds: dimethylphtha- 
Detection
The concentrated extract (1 μL) was injected into the gas chromatography mass spectrometry (GC/MS) system.
Samples were heated to an initial temperature of 50 C with an 8 C/min. ramp to 260 C and held for 40 minutes with ultrapure helium as carrier gas. Target compounds were measured based on the following quantification ions: higher than 0.99 for all compounds.
Statistical analyses
The reported data are the result of four independent experiments with all samples measured in triplicate within each experiment. Graphpad Prism trial version 6 and PAST version 3.01 were used for the paired t-tests for differences between inflow and outflows and repeated measures one way analysis of variance (ANOVA) followed by a post-hoc Tukey test for differences between treatment technologies. A p value <0.05 was used to represent a statistically significant difference. (Figure 3 ).
RESULTS
Estrogenic activity
Comparing the outflows of both levels of treatment, the t-test shows statistically significant differences between the (Figure 4) . Therefore, the tertiary RWWTP was more effective in reducing estrogenic activity from the wastewater than the primary wastewater treatment technology. 
Phthalate compounds
Measured, % change and p values in phthalate concentrations in raw and treated wastewater of the primary and tertiary WWTPs are listed in Table 3 . We used a GC/MS instrument operating in the scan mode to analyze the samples for DMP, DEP, DBP, BBP and DEHP. As con- 
Efficiency of wastewater treatment technologies
Primary treatment facility
Our results show that the primary RWWTP discharges an effluent with estrogenic activity significantly higher than the tertiary RWWTP. For the phthalate compounds, DMP, ). Nevertheless, these compounds will eventually be deposited in the environment through the sludge collected.
Tertiary treatment
The Caguas tertiary RWWTP showed a significantly higher removal of estrogenic activity and phthalate compounds. 
Managing emerging contaminants in tropical settings
Inland effluents
Our results show that WWTPs can be a significant source of waters are of increasing concern worldwide, it is still poorly understood how these emerging contaminants are persistent in the environment (Deblonde et al. ) .
In rapidly developing tropical countries, managing emerging contaminants is challenging. For instance, the Caguas RWWTP effluent is discharged into Río Bairoa, a tributary of the Río Grande de Loíza, whose waters provide about 100 million gallons per day to the San Juan Metropolitan 
